Abstract. The paper designed a way to judge the motion trend of the press-fit curve. The algorithm fits the curve with the data from the "entering the frame" region and the "leaving the frame" region. We use the fitting result, two lines, to judge whether the trend of the motion is normal or not. Finally, we test the algorithm in the laboratory with limited data. We find the algorithm is useful and it can be applied in the industrial production.
Introduction
The bearing press-fit machine is the professional equipment in the automobile industry. The main usage of it is to press the bearing into the shaft neck. [1] At the present stage, the bearing and the shaft neck bind together with interference fit. As a result, the pressure of the process is to overcome friction of the interface. For some time past, the engineer judge the result of the bearing press based on their experience. With the development of force sensor and displacement sensor, using the pressfit curve to judge the result precisely is available. During the pressing process, we set the "Frame Function" to judge the result of the result, which is a standard of the industry. But when we apply the "Frame Function" to the practical process, there are always some wrong results because of the bad situation of the factory.
With the reference of the paper, the press force of bearing, P, meet the mathematical model: [2] .
In the formula above, P--force; S--Contact area, 2 S ax   , x is the displacement; f--coefficient sliding friction; E--elasticity modules; C--constant. From the formula equation above, we can conclude that, the press force and press displacement are proportional. And the press process is a uniform linear motion. Therefore, the ideal curve presents as Figure 1 In the graph, t1, t2 and t3 represent the time of different parts pressing into the shaft neck. During the part of t2, the force curve changes flatly. During the part of t4, the bearing and the shaft neck start to fit, the press force changes sharply. During the part of t5, the bearing and the shaft neck are already fitted. After the above parts, the process need to keep the force for a while , and it is the part of t6.
The force during the process consists of five parts [4] , which act on two bearing inner races, two seal receptacles and one baffle.
The Application of the "Frame Function"
As an industrial standard, "Frame Function" is adopted by the industrial community to test the press-fit product automatically. The Figure 2 below shows the result: We insert a black frame into the coordinate system, and then we set the "Frame Function". The function stipulates that only if does the curve enter the frame from the left edge and leave the frame from the right edge, and we can judge the curve is qualified. The ideal result is shown as Figure 3 : But our press-fit machine is always running in the factory, where the situation is complicated. The mechanical looseness, mechanical shock and even the motor problem may cause that our curve moves unexpectedly, just as Figure 4 shows: During the pressing process, due to the reason mentioned above, the curve bends when it starts to enter the frame. And our algorithm will judge that it enters the frame from the left edge and leaves the frame from the left edge. And our product will be defined unqualified. But in reality, the product is qualified, and the flaws during the process do not influence the quality of the product. As a result, we need to optimize our algorithm to serve the industrial production and decrease the cost.
Smart Judging Algorithm
We will explain our new algorithm with the example mentioned above: entering from the left edge and leave from the right edge. Because the bending of the curve is obvious, and it is uneasy for us to try the filter algorithm, which may cause the curve distortion. We decided to use the polynomial fitting to judge the trend of the motion. The least square method is adopted and our aim is to treat the curve as a line [5] . Solution one:
(a) We start the algorithm from the left edge of the frame. Firstly, we view the left edge as our starting point, then we reverse the points and we choose m points. (b) Then, we view the right edge as the starting point, and traverse the points and choose m points. (c) We choose the points whose horizontal ordinate is between the left edge and right edge. Combine all points collected from the above steps. Use the least square method to process the data. And we get an ideal line, then we calculate the intersection A between the line and the left edge, and the intersection B between the line and the right edge. If both the vertical ordinate value of A and B are between the top and the bottom edge, we can judge the curve is qualified. With the solution one, we test our algorithm with the data collected from the factory. We can find that our solution is useful but there are still some flaws in our solution. For example, when we set the "Frame" in the last step of our process, and our "Frame Function" is to judge if the curve is entering from the left edge and leaving from the top. The Figure 5 explains the situation: The reason that our solution will fail in the situation is shown as above. The position of our frame is near the ending of the curve.
In the figure, the slope of the curve changes quickly, the press force reach the maximum in a short time. Therefore, the system can only get a few points in the stage. And our solution is to combine all points together and calculate the line, which may make the overall slope an "averaged" slope. So our algorithm will judge that the curve enters from the left and leaves from the right edge. Because of the problem, we continue to optimize our solution. Solution two:
We view the "entering the frame" and "leaving the frame" as two parts. And we do the polynomial fitting separately. Just as the solution one, we try the algorithm with the "Frame Function": entering from the left edge and leaving from the right edge. We follow the steps listed below: (if the points needed are less than m, we choose as many points as possible.) (a) We view the left edge as our starting point, then we reverse the points and we choose m points. Then we start from the left edge again, and we traverse the points and choose m points again. The horizontal ordinate of the points we choose cannot be larger than the right edge. With these points, we get the fitting result, line A; (b) We view the right edge as our starting point, then we reverse the points and we choose m points. The horizontal ordinate of the points we choose cannot be smaller than the left edge. Then, we start from the right edge again, and we traverse the points and choose m points again. With these points, we get the fitting result, line B. (c) We calculate the intersection C between A and left edge; and we calculate intersection D between B and right edge. Then we judge if the vertical ordinate of C and D are between the top and the bottom or not. If the result can meet the "Frame Function", and we can conclude that the product is qualified. Although the production situation is not good, the problems we concerned were not easy to find. And when the problems were found by the engineers, they will adjust their machine and reduce the vibration. So, we only got less than 40 copies of data with problems among over 3000 production reports. We apply the solution two to the reality, and we get the result and the comparison as the chart below: 
Summary
The solution two aims at using the algorithm to solve the problems caused by the instable situation.
From the above chart, we can find that our algorithm can report the right result and will reduce the cost of the factory. What's more, compared with the old algorithm, our algorithm is superior. Nowadays, the algorithm applied to the press-fit production is rare. And some achievements are protected by some big company, which make it difficult to look up information. To confirm our idea and algorithm, we need more tests and communication.
